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Zajonc’s drive theory postulates that arousal enhanced through the perception of the
presence of other individuals plays a crucial role in social facilitation (Zajonc, 1965). Here,
we conducted two experiments to examine whether the elevation of arousal through a
stepping exercise performed in front of others as an exogenous factor causes social
facilitation of a cognitive task in a condition where the presence of others does not
elevate the arousal level. In the main experiment, as an “aftereffect of social stimulus,”
we manipulated the presence or absence of others and arousal enhancement before
participants conducted the primary cognitive task. The results showed that the strongest
social facilitation was induced by the combination of the perception of others and arousal
enhancement. In a supplementary experiment, we manipulated these factors by adding
the presence of another person during the task. The results showed that the effect of the
presence of the other during the primary task is enough on its own to produce facilitation
of task performance regardless of the arousal enhancement as an aftereffect of social
stimulus. Our study therefore extends the framework of Zajonc’s drive theory in that the
combination of the perception of others and enhanced arousal as an “aftereffect” was
found to induce social facilitation especially when participants did not experience the
presence of others while conducting the primary task.
Keywords: social facilitation, arousal, drive theory, social perception, observation
Introduction
Imagine you are preparing for an exam among customers in a cafe. In such a situation, you may
feel that you are working more efficiently than if you were working alone at home. That people
tend to perform tasks more efficiently with other individuals present than when performing alone
is a phenomenon generally known as “social facilitation” (Allport, 1924; Katz and Schanck, 1938).
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Social facilitation has been widely reported to occur across
species, such as in insects (Chen, 1937; Prokopy and Duan, 1998;
Chabaud et al., 2009), birds (Zentall and Hogan, 1976; Ogura and
Matsushima, 2011), rodents (Simmel, 1962; Zentall and Levine,
1972), andmonkeys (Harlow andYudin, 1933; Schiml et al., 1996),
suggesting that the phenomenon has a common phylogenetically
old evolutionary basis.
Allport (1920) was the first to empirically demonstrate the
social facilitation phenomenon, which he did by showing that
the performance of a word association task improved when a
person worked with other individuals relative to performing the
task alone. At the same time, he demonstrated the phenomenon
known as “social inhibition,” where the performance of a difficult
task is attenuated when it is performed with other individuals
present relative to the case of its being performed alone (Allport,
1924; Katz and Schanck, 1938). Subsequent studies showed that
social facilitation can occur not only when people perform tasks
with a “co-actor” who works with them but also when people
perform the task with an “observer” who does not work with them
(Dashiell, 1930). Researchers have classified social facilitation into
two subcategories on the basis of the context of other individuals’
presence: “the co-action effect,” in which task performance is
facilitated by concurrent action of other individuals, and “the
audience effect,” in which it is facilitated by the presence of an
evaluative observer (Bond and Titus, 1983; Harkins, 1987).
Zajonc’s Drive Theory
The mechanism of social facilitation has been mainly explained
in terms of Zajonc’s drive theory (Zajonc, 1965). Drive theory
postulates that the arousal level and drive heightened through
the perception of the presence of other individuals induces a
dominant response of the performer on the task: if the dominant
response has already been learned by the performer, it elicits social
facilitation, whereas if it has not been experienced, it elicits social
inhibition. The results of a number of studies support the main
idea of drive theory, and many researchers have considered that
arousal enhanced through the perception of the presence of other
individuals plays a crucial role in social facilitation (Zajonc, 1980;
Bond and Titus, 1983; Guerin, 1993). Heightened arousal based
on the perception of others in the social facilitation literature has
been examined by using self-reports (McKinney et al., 1983) or
several physiological indices such as heart rate (HR; Amoroso
and Walters, 1969), palmar sweat (Elliot and Cohen, 1981), and
electrodermal (Borden et al., 1976), and cardiovascular responses
(Blascovich et al., 1999). According to a meta-analysis (Mullen
et al., 1997), when these indices are used, the presence of others
in the co-action and audience conditions significantly elicits an
arousal level in the performer; however, the mere presence of
other individuals does not affect the arousal level measured by
self-reports.
Although Zajonc claimed that arousal heightened through the
perception of others causes social facilitation, it is unclear whether
the perception of the mere presence of other individuals is suffi-
cient to induce arousal enhancement or not. Cottrell et al. (1968)
suggested in their evaluation apprehension hypothesis that social
facilitation occurs as a result of arousal enhancement through
evaluation apprehension—the performer’s perception of being
evaluated by others—but that it does not occur with the mere
presence of others. In fact, some previous studies have shown that
social facilitation occurs as a result of the manipulation of eval-
uation apprehension (Henchy and Glass, 1968; Good, 1973). On
the other hand, other studies have shown that themere presence of
other individuals is sufficient to induce social facilitation (Markus,
1978; Schmitt et al., 1986). Thus, whether the mere presence of
others is sufficient to produce social facilitation or not is still being
debated.
Both drive theory and the evaluation apprehension hypothesis
assume that the elevation of arousal as a result of the perception
of others causes social facilitation. After reviewing the social
facilitation literature, Aiello and Douthitt (2001) concluded that
drive theory, which provided some common concepts that have
served as the bases of various subsequent theories, has the highest
description rate for the overall research results.
However, the validity of the postulated process of social facil-
itation in Zajonc’s drive theory needs to be evaluated. Although
Zajonc’s theory postulates that the process of social facilitation
is that performance is affected by arousal enhancement due to
the perception of others, the relationships among these three
processes (perception of others, arousal enhancement, and social
facilitation) is still unclear. In particular, to our knowledge, no
study has directly examined the relationships between arousal
enhancement and social facilitation.
In addition, though previous studies have implied that arousal
enhancement as a result of the perception of others produces
social facilitation, it is unclear whether arousal enhancement due
to the perception of others is qualitatively different from that by
some other means, such as exercise. To examine what the effect of
arousal enhancement on social facilitation is, we need to manip-
ulate arousal directly in some way other than the perception of
others. Consequently, by manipulating an exogenous factor other
than the presence of others, we examined whether the elevation of
arousal causes social facilitation even when the presence of others
itself is not sufficient to elevate arousal levels.
Present Study
To investigate the issues mentioned above, we had participants
perform a simple addition task twice: First as a baseline mea-
surement and then as post-manipulation measurement. We chose
the addition task because it is quite easy to conduct and well-
learned in general and therefore suitable for producing social
facilitation rather than social inhibition (Bond and Titus, 1983). In
the baselinemeasurement, all participants performed the addition
task alone without any manipulations. After performing the task,
they measured the baseline of physiological indices of arousal.
They were asked to record the psychological measure of their
arousal soon afterward. They subsequently experienced any of
one of five conditions: control, observed, greeting, exercise, and
observed-with-exercise. For the observed and greeting conditions,
we manipulated the presence of the observer. The only differ-
ence between them was that the observer gave participants a
short greeting in the latter. We employed these different condi-
tions to assess whether the presence or absence of interaction
between observers and participants affects the amount of social
facilitation. For the exercise condition, we manipulated only
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the arousal enhancement exogenously with a stepping exercise.
For the observed-with-exercise condition, we manipulated both
observer presence and arousal enhancement concurrently. For the
control condition, we did not manipulate any factors at all. After
they had experienced one of these five conditions, participants
were again asked tomeasure their physiological and psychological
indices of arousal after manipulation. Then, they performed the
addition task as a post-manipulation measurement.
The stepping exercise is well known as an effective method for
increasing arousal exogenously (Sanbonmatsu and Kardes, 1988).
However, because of the practical problem of simultaneously con-
ducting the stepping exercise and a cognitive task for measuring
the amount of social facilitation, we had participants conduct the
cognitive task alone in all experimental conditions and manipu-
lated the presence-of-others and exercise factors before they had
conducted it. In the main experiment, we therefore examined
social facilitation as an aftereffect of social stimulus that resulted
from the perception of others.
We predicted that the performance of the addition task in the
observed-with-exercise condition would be higher than in any of
the other conditions, because, if the cause of arousal enhance-
ment does not matter for social facilitation, the combination of
the presence of other individuals and arousal enhancement by
the stepping exercise should produce a sizable improvement in
performance of that task compared to only the presence of others.
Main Experiment
Methods
Experimental Design
The experimentwas conducted in a one-factor designwith the five
conditions (control, observed, greeting, exercise, observed-with-
exercise) as a between-subject design.
Participants
Participants were 110 healthy Japanese undergraduates, graduate
students, and alumni and alumnae who had graduated within the
last 3 years (42 men and 68 women, age: M = 22.05, SD = 1.8).
Participants were assigned to one of the five different condi-
tions: control (8 men, 14 women), observed (9 men, 13 women),
greeting (8 men, 14 women), exercise (8 men, 14 women), and
observed-with-exercise (9 men, 13 women). This experiment was
conducted in accordance with the ethical code of the Japanese
Psychological Association and the research protocol of the exper-
iment was approved by the Ethical Practices Committee of Meiji
Gakuin University. Written informed consent was obtained from
all participants before the experiment.
Procedure
Participants were tested individually. In order to eliminate the
effect of experimenter presence, they conducted the task alone
following a script that described the experimental procedure, and
their behavior in the experimentwas recordedwith a video camera
(30 fps, Handycam HDR-CX560, Sony Corp.) to check whether
they had conducted the task appropriately. We informed them
that their behavior would be recorded with a video camera solely
for the purpose of checking whether they were conducting the
experiment appropriately, because previous studies have shown
that such instruction prevents the effect of the presence or absence
of the video camera itself on task performance (Aiello and Svec,
1993). In addition, they were told that an experimenter may
enter the room to check whether there were any problems during
experiment, and they were also instructed to conduct the exper-
iment based on the script and not to be concerned about the
experimenter’s entering or leaving the room. The general flow of
our experiment is shown in Figure 1.
We used a simple addition task based on the Uchida-Kraepelin
test (Kuraishi et al., 1957), which is a questionnaire modified from
the Kraepelin arithmetic test (Kraepelin, 1902). The task was to
add one number to the next number and write the answer in the
margin between each number. We asked participants to answer
with only single digits (for example, for 7 + 4, the answer is 1).
Single-digit numbers for questions were printed in a 19  30
matrix on a sheet of paper. We calculated the index of task per-
formance facilitation in the addition task by subtracting the total
number of calculated numerical values in the baseline phase from
that in the test phase for each participant in each condition.
As physiological indices of the arousal level, blood pressure and
HR were measured with an automatic sphygmomanometer (UB-
328A, A&D), which can measure systolic blood pressure (SBP),
diastolic blood pressure (DBP), and HR. Participants used this
apparatus as follows. First, they sat at a table and wrapped the
band of the apparatus around their wrist at the measuring point.
They then stabilized their arm by putting the elbow on the table
and held their hand above the heart. Finally, they pushed the
start button and stayed at rest, and after a period of time, the
SBP, DBP, and HR values were displayed on the screen of the
apparatus. The apparatus is a home electric healthcare appliance
and therefore easy to handle alone. Participants were asked to
enter the SBP, DBP, and HR on log sheets and to repeat the
measurement if an error message was displayed on the screen.
Before the experiment, an experimenter demonstrated how to
use the automated sphygmomanometer and do the single-digit
addition task. Participants could do the experiment at their own
pace after the experimenter had left the experimental room.
At the beginning of the experiment, they were asked to do the
addition task for 5 min as a baseline session. Then they measured
their SBP, DBP, and HR as the baseline of their arousal level and
entered the values on their log sheets. They also used a five-point
scale [excited (5)  calm (1)] as a self-report of their arousal
level. After that, they experienced for 3 min any one of the five
conditions (control, observed, greeting, exercise, observed-with-
exercise), which were assigned at random by the experimenter.
After experiencing each condition, participants were again asked
to measure their SBP, DBP, and HR and use the five-point scale as
indices of their arousal level aftermanipulation. Then, they did the
addition task as a test session for 5 min. Finally, participants were
asked to measure each physiological index and rate their arousal
level on the five-point scale once again.
Each condition was as follows. In the control condition, par-
ticipants were only asked to wait alone without doing anything
for 3 min. In the observed condition, a confederate as a stranger
entered the experimental room and stayed there for 3 min. In
the greeting condition, the manipulation was the same as in the
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FIGURE 1 | Flowchart of the experimental procedure. The experimenter
met a participant outside the experimental room and then they entered it
together. The experimenter did not talk with the participant during this time. The
participant was asked to conduct the task alone in accordance with a script that
described the experimental procedure. And the experimenter demonstrated
how to use the automatic sphygmomanometer and do the single-digit addition
task. After providing participants with instruction, the experimenter left the
experimental room. The participant conducted the addition task for the baseline.
After the baseline session, the participants measured their arousal level using
the automatic sphygmomanometer and by self-reports. Then, they spent 3 min
in any one of the five conditions (see Methods), which were assigned at random
by the experimenter. Before the test session, the participants measured their
arousal levels. Then, they calculated the addition task as a test. Finally,
participants measured their arousal levels again.
observed condition except that the stranger greeted participants
upon entering the experimental room with “Hello!!” and exiting
it with “Good luck!” In the exercise condition, participants were
asked to do the stepping exercise with a stepstool for 3 min. The
pace of the stepping was regulated as fifty times a minute with an
electronic metronome so that participants performed 150 steps in
total. In the observed-with-exercise condition, a stranger entered
the room while participants were doing the stepping exercise and
withdrew from the room after 3 min.
We assigned one of 10 confederates (5 men; 5 women) to a
participant of the same sex, ensuring that this was their first
encounter with each other. Each confederate as a stranger was not
given any information about the purpose of the experiment and
was only directed to take note of the behavior of participants while
sitting in a chair without speaking. The chair was located beside
the door on the other side of the room from where participants
conducted the addition task. The chair was located approximately
2.5 m from the participant and approximately 1.8 m from the
platform for the stepping exercise. In both the observed condition
and observed-with-exercise condition, participants only noticed
that somebody came into the room from the sound of the door of
the room opening and closing. Actually, nobody realized that this
was their first encounter with a stranger in the observed condition
and observed-with-exercise condition. On the other hand, in the
greeting condition, all participants looked back at the strangers
because of the greeting and thus realized that this was their first
encounter with them.
Results and Discussion
Figure 2A shows the values for the addition task performance
during the baseline and test phase. Figure 2B shows the values of
physiological and psychological indices during the baseline, after
the manipulation, and after the test phase.
Manipulation Assessment
To assess the manipulation’s effectiveness for arousal enhance-
ment, we calculated the amounts of change in SBP, HR, and
self-reports by subtracting the values after the manipulation from
those obtained in the baseline phase. The amounts of change in
SBP, HR, and self-reports in each condition are shown in Table 1.
A one-way ANOVA was conducted on the values of SBP, HR, and
self-reports of the arousal level for each condition.
The results showed that the amounts of change in SBP, HR,
and self-reports were significantly different between conditions:
SBP, F(4,105)= 18.84, p< 0.01, !2p = 0.42; HR, F(4,105)= 11.36,
p < 0.001, !2p = 0.30; self-reports, F(4,105) = 14.04, p < 0.001,
!2p = 0.35. A post hoc Tukey’s comparison revealed a signifi-
cant difference between the observed-with-exercise condition and
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FIGURE 2 | (A) Average number of values participants calculated during the
addition task in the baseline phase and test phase. Error bars indicate the
standard error of the mean in each condition. C, control condition;
O, observed condition; G, greeting condition; E, exercise condition; OE,
observed-with-exercise condition. *p < 0.05. (B) Mean values of SBP, HR, and
self-reports at the baseline, after manipulation, and after test phase. Error bars
indicate the standard error of the mean in each condition. (C) Averaged
differences in single-digit addition task performance between the baseline
results and the test session in each condition. Error bars indicate the standard
error of the mean in each condition. C, control condition; O, observed condition;
G, greeting condition; E, exercise condition; OE, observed-with-exercise
condition. *p < 0.05.
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TABLE 1 | The amount of change in arousal levels.
SBP (mmHg) Heart rate (bpm) Self-report
Control  4.23 ( 1.59)  0.23 (1.64)  1.14 (0.22)
Observed  2.18 (1.94) 0.41 (1.11)  0.64 (0.15)
Greeting  4.91 (3.03)  0.73 (0.81)  0.59 (0.19)
Exercise 12.91** (1.59) 11.36** (2.28) 1.05** (0.25)
Observed with exercise 15.00** (2.51) 11.32** (2.64) 0.36** (0.31)
Averaged differences in SBP, HR, and self-reports between the baseline results and after
manipulation in each condition. The numbers in brackets indicate the standard error of
the mean in each condition. Post hoc t-test with Tukey’s correction revealed a significant
difference between observed-with-exercise condition and all other conditions except the
exercise condition, and between the exercise condition and all other conditions except
the observed-with-exercise condition. **p < 0.01.
all other conditions (SBP, all p’s < 0.001; HR, all p’s < 0.001;
self-reports, all p’s < 0.05) except the exercise condition [SBP,
p > 0.10, not significant (n.s.); HR, p > 0.10, n.s.; self-reports,
p > 0.10, n.s.]. In addition, it revealed a significant difference
between the exercise condition and all other conditions (SBP,
all p’s < 0.001; HR, all p’s < 0.001; self-reports, all p’s < 0.001)
except the observed-with-exercise condition (SBP, p > 0.10, n.s.;
HR, p > 0.10, n.s.; self-reports, p > 0.10, n.s.). The differences
among the control condition, observed condition, and greeting
condition were also not significant (SBP, p > 0.10, n.s.; HR,
p> 0.10, n.s.; self-reports, p> 0.10, n.s.). These results mean that
arousal enhancement was different between conditions and that
the conditions with exercise heightened the arousal level more
than the other conditions.
To assess the appropriate index of arousal, we checked the
correlations between SBP, HR, and self-reports. There were sig-
nificant correlations between all indices (SBP and HR: r = 0.47,
p< 0.001; SBP and self-reports: r = 0.53, p< 0.001; HR and self-
reports: r = 0.42, p < 0.001). These results mean that the indices
of arousal in this study were appropriate for assessing the arousal
enhancement.
To validate the homogeneity of the baseline performance of
the addition task among conditions, we conducted a one-way
ANOVA on the values of the addition task performance in the
baseline. The results showed that there were not significant differ-
ences among conditions: [F(4,105) = 2.46, p = 0.50, !2p = 0.03,
n.s.]. The result means that we could allocate participants to
each condition equally in regard to their baseline performance of
the addition task. Consequently, the following outcomes showing
differences among conditions are attributed to the effect ofmanip-
ulation but not to the differences in the participant’s baseline
performance of the addition task among conditions.
Index of Facilitation of Task Performance: Increment
of Number of Calculated Values
We calculated an index of the facilitation of task performance in
the addition task by subtracting the total number of calculated
numerical values in the baseline phase from that in the test phase
in each condition. The indices of the facilitation of performance
in the addition task for each condition are shown in Figure 2C. A
one-way ANOVA was conducted on the values of the facilitation
indices for each condition. The results showed that the amount
of facilitation in task performance was significantly different
FIGURE 3 | Participants were divided into a high-score group and a
low-score group on the basis of the median value in the addition task
in baseline. The graph shows the average number of values participants
calculated during the addition task in the baseline phase and test phase. Error
bars indicate the standard error of the mean in each condition. C, control
condition; O, observed condition; G, greeting condition; E, exercise condition;
OE, observed-with-exercise condition.*p < 0.05.
between conditions: F(4,105) = 2.77, p = 0.03, !2p = 0.09. A post
hoc Tukey’s comparison revealed a significant difference between
the control condition and the observed-with-exercise condition
(p = 0.01, d = 0.83). In contrast, there were no significant dif-
ferences between the control condition and any other condition
(observed condition, p = 0.80, d = 0.55, n.s.; greeting condition,
p = 0.60, d = 0.68, n.s.; exercise condition, p = 0.66, d = 0.55,
n.s.). In addition, there were no significant differences between
the observed-with-exercise condition and any other condition
(observed, p = 0.21, d = 0.52, n.s.; greeting, p = 0.37, d = 0.44,
n.s.; exercise, p = 0.32, d = 0.44, n.s.). The differences among the
observed condition, greeting condition, and exercise condition
were also not significant (all p’s> 0.10, n.s.). These results indicate
that the task performance in the observed-with-exercise condition
was facilitatedmore than that in control condition. In otherwords,
the combination of the perception of the presence of others and
arousal enhancement was required for producing sufficient social
facilitation in this study.
Effect of Individual Differences in Ability to Perform
Addition Task on Social Facilitation
To examine whether individual differences in ability to perform
the addition task affected the amount of social facilitation, we
divided participants into the a high-score (N = 55) group and
a low-score (N = 55) group on the basis of the median value
of the performance score for the addition task (median = 243,
maximum = 413, minimum = 95) in the baseline measurement
and calculated an index of the facilitation of task performance for
each group (Figure 3).
We conducted a 2 (performance in addition task: high,
low)  5 (condition: control, observed, greeting, exercise, and
observed-with-exercise) two-way ANOVA on the values of the
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facilitation indices. There was a significant main effect of con-
dition: F(4,100) = 2.73, p = 0.03, !2p = 0.1. However, this effect
was qualified by performance in the addition task  condition
interaction: F(4,100) = 2.59, p < 0.05, p = 0.04, !2p = 0.1. A
subsequent analysis showed that the simple main effect of con-
dition was significant only in the group with low performance
scores: F(4,100) = 4.48, p < 0.01, !2p = 0.15. A post hoc Tukey’s
comparison showed that a significant difference between the
observed-with-exercise condition and all other conditions (con-
trol, p = 0.007, d = 0.95; observed, p = 0.03, d = 0.85; greeting,
p= 0.04, d= 0.76; exercise, p= 0.007, d= 0.92). The results indi-
cate that the individual differences in ability to perform the addi-
tion task could have been a crucial factor in the amount of social
facilitation: Participants who performed poorly in the addition
task could have been influenced by the effect of the combination of
the perception of the presence of others and arousal enhancement
compared to those who performed the addition task well.
Increment of Errors in the Task
We calculated the increase in addition task errors as an index of
the inhibition of task performance by subtracting the number of
errors in the baseline phase from those in the test phase in each
condition. A one-way ANOVAwas conducted on the values of the
indices for each condition. The results showed that the index was
not significantly different between conditions: [F(4,105) = 2.09,
p= 0.09,!2p= 0.07, n.s.]. The results indicate that the facilitation of
task performance described above was not derived from the speed
and accuracy trade-off.
In accordance with our prediction, the results showed that the
task performance in the observed-with-exercise condition was
higher than that in any other condition, particularly for the partic-
ipants whose skill in the addition taskwas low in the baselinemea-
surement. This indicates that the combination of the perception of
the presence of others and arousal enhancement might be crucial
for social facilitation. It also indicates that the combination was
sufficient to produce social facilitation even when the participants
performed the addition task itself alone after they had experienced
the perception of the presence of others and exercise.
However, there is the possibility that the “social facilitation”
that we showed in the present study might be different from
that in previous studies, because the experimental situation was
quite different from that in previous studies. In previous studies,
participants conducted the primary task with the presence of
others, whereas, in the current study, they conducted the task itself
alone after they had experienced the perception of the presence
of others. In this regard, contrary to previous studies, the results
showed that the perception of the presence of others alone was not
enough to facilitate task performance in this study.
One possible interpretation of this result is that the effect of
the presence of others was weakened because of the absence of
an observer during the primary task. In this case, we would find
the effect of the presence of others if an observer were present
during the task. Another possibility is that the manipulation
of the presence of others in the current study itself was prob-
lematic; that is, the presence of others may not have affected
task performance. In this case, we would not find any effect of
the presence of others even if an observer were present during
the task. To examine these possibilities, we conducted an addi-
tional experiment with an observer present during the addition
task.
We need to mention that another question arises with this
experimental setting: does the effect of the combination of the
perception of others and arousal enhancement we examined as an
“aftereffect” still remain even if an observer is present during the
primary task? To answer this question, we compared the incre-
ment of the performance in the observed-with-exercise condition
to that in the exercise condition, with an observer present during
the primary addition task. If the effect of the combination of
the perception of others and arousal enhancement still remains,
the observed-with-exercise condition might facilitate task perfor-
mance relative to the observed condition even if an observer is
present also during the following addition task itself.
Supplementary Experiment
In this experiment, we had two main purposes. One was to
examine whether the presence of an observer during the addition
task facilitates task performance. The other was to examined
whether the effect of the combination of the presence of others
and arousal enhancement is stable even if an observer is present
during the addition task. For these purposes, we set two condi-
tions: observed + observed at test (O + O) and observed-with-
exercise+ observed at test (OE+O). The manipulation methods
for these conditions were the same as in main experiment, except
that the conditions now included an observer during the test
phase.
Methods
Forty-four healthy Japanese participated in this experiment (17
men and 27 women, age:M = 21.36, SD = 4.46). The task, appa-
ratus, and procedure were the same as in the observed condition
and the observed-with-exercise condition in main experiment,
except that we manipulated the presence of observers during
the test phase. In the supplementary experiment, the observers
as confederates were three men who were all strangers to the
participants. Participants were randomly assigned to one of the
two conditions: O + O (8 men, 14 women) and OE + O (9 men,
13 women).
Results and Discussion
To assess the amount of arousal enhancement and the increment
of task performance, we used the data from the control condition
in the main experiment and compared the values for the two
conditions in the supplementary experiment (O+OandOE+O)
with that for the control condition. Figure 4A shows the values for
the addition task performance during the baseline and test phase.
Figure 4B shows the values of the physiological and psychological
indices during the baseline, after manipulation, and after the test
phase.
First, to affirm whether the manipulation of arousal enhance-
ment was appropriate, we calculated the amounts of change in
SBP, HR, and self-reports as we did in the main experiment.
A one-way ANOVA was conducted on the values of SBP, HR,
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FIGURE 4 | (A) Average number of values participants calculated during the
addition task in the baseline phase and test phase. Error bars indicate the
standard error of the mean in each condition. C, control condition (main
experiment); O + O, observed + observed at test condition (supplementary
experiment); OE + O, observed-with-exercise + observed at test condition
(supplementary experiment). *p < 0.05. (B) Mean values of SBP, HR and
self-reports at the baseline, after manipulation, and after test phase. Error bars
indicate the standard error of the mean in each condition. (C) Averaged
differences in single-digit addition task performance between the baseline
results and the test session in each condition. Error bars indicate the standard
error of the mean in each condition. C, control condition (main experiment);
O + O, observed + observed at test condition (supplementary experiment);
OE + O, observed-with-exercise + observed at test condition (supplementary
experiment).*p < 0.05; ** p < 0.01.
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and self-reports of the arousal level for each condition. The
results showed that the amounts of change in SBP, HR, and
self-reports were significantly different between conditions: [SBP,
F(2,63) = 52.78, p < 0.01, !2p = 0.63; HR, F(2,63) = 19.21,
p < 0.001, !2p = 0.38; self-reports, F(2,63) = 23.01, p < 0.001,
!2p = 0.42]. A post hoc Tukey’s comparison revealed a significant
difference between the OE + O condition and other two condi-
tions (SBP, all p’s < 0.001; HR, all p’s < 0.001; self-reports, all
p’s < 0.01). The differences between the control condition and
O + O condition were not significant (SBP, p > 0.10, n.s.; HR,
p> 0.10, n.s.; self-reports, p> 0.10, n.s.).
We calculated an index of the facilitation of task performance
in the addition task as we did in themain experiment (Figure 4C).
A one-way ANOVA was conducted on the values of the facil-
itation indices for each condition. The results showed that the
amount of facilitation in task performance was significantly dif-
ferent between conditions [F(2,63) = 5.32, p = 0.007, !2p = 0.15].
A post hoc Tukey’s comparison revealed a significant difference
between the control condition and O + O condition (p = 0.008,
d = 0.93) and between the control condition and OE + O con-
dition (p = 0.046, d = 0.97). In contrast, there was no significant
difference between the O + O condition and OE + O condition
(p= 0.78, n.s.).
The results indicated that the increment of task performance
in the O + O condition and OE + O condition was higher than
that in control condition. This supports our prediction that just
the effect of the “presence of others” would have sufficient power
to facilitate task performance if an observer were present during
the addition task.
In contrast, we did not find a significant difference between the
O + O condition and OE + O condition. One possible reason is
that the effect of the presence of an observer during the primary
task was too strong to elevate arousal and therefore masked the
effect of the arousal enhancement as an aftereffect.
Another possible reason is the simple ceiling effect on the
increment of task performance. To examine whether the perfor-
mance of the addition task in these two conditions reached the
ceiling of task performance, we compared these conditions with
the observed-with-exercise condition in the main experiment. A
one-way ANOVA was conducted on the values of the facilita-
tion indices for the observed-with-exercise (main experiment),
O+O (supplementary experiment), andOE+O (supplementary
experiment) conditions. The result showed that there were no
significant differences between each condition [F(2,63) = 0.31,
p< 0.10,!2p= 0.01, n.s.]. Thismeans that the effect of the presence
of an observer during the primary task did not promote task
performance relative to that of the combination of the presence of
others and arousal enhancement as an aftereffect. In other words,
the aftereffect itself was already strong enough to facilitate task
performance, and there might be no room for the effect of the
presence of an observer during conducting task to improve task
performance.
General Discussion
In the present study, we examined whether the combination
of arousal enhancement through a stepping exercise and the
perception of the presence of others facilitates the performance
of an addition task, even when the perception of others itself does
not produce arousal enhancement. The results of the main exper-
iment indicated that the combination of arousal enhancement
and perception of others induced the strongest facilitation as an
aftereffect, especially in people with low skill in the addition task
in the baseline phase. In supplementary experiment, we examined
whether the presence of an observer during the addition task facil-
itates task performance and whether the effect of the combination
of the presence of others and arousal enhancement is stable even
when an observer is present during the addition task. The results
showed that the presence of others during the task is enough on
its own to produce facilitation of task performance, regardless of
themanipulation of their presence and arousal enhancement as an
aftereffect.
Manipulation Assessment in Arousal Level
The results indicate that themanipulation of arousal enhancement
in the main and supplementary experiments was appropriate.
First, the exercise condition and observed-with-exercise condition
were significantly different from any other condition, whereas the
observed condition and greeting condition were not significantly
different from the control condition in the main experiment. In
addition, the OE+O condition in the supplementary experiment
was significantly different from the control condition, whereas the
O + O condition was not. This means that the arousal level was
higher in both the exercise and observed-with-exercise conditions
than in the other conditions. Second, we conducted an additional
analysis of the SBP and HR and found that both of them were
higher after the manipulation than in the baseline phase and at
the end of the experiment only for those two conditions. This
means that arousal levels in those conditions were higher after
manipulation than those at the baseline.
Expanding Zajonc’s Drive Theory
The results partially support our hypothesis that the performance
of the addition task in the observed-with-exercise condition
would be higher than in any other condition. The results of the
main experiment showed that only the observed-with-exercise
condition was significantly different from the control condition
in task performance, whereas the differences in task performance
between other conditions and the control condition were not
significant. These findings indicate that the perception of the
presence of others was not sufficient to elevate the arousal level
compared with the control condition or to facilitate the perfor-
mance of the task even when a stranger greeted the participant. In
addition, they reveal that exogenous manipulation of the arousal
level by the stepping exercise was insufficient for facilitating task
performance, though it was sufficient for enhancing the arousal
level.
On the other hand, the combination of the presence of another
individual and the stepping exercise increased both task per-
formance and the arousal level significantly compared with the
control condition. In otherwords, the combination of the presence
of others and the elevation of arousal induced the strongest social
facilitation effect even when the method of arousal enhancement
was unrelated to the perception of others and the method itself
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had a small impact on the performance of the task. These results
support the hypothesis in Zajonc’s drive theory that both percep-
tion of others and enhancement of arousal are necessary in order
to induce social facilitation (Zajonc, 1965, 1980). However, at the
same time, they indicate that the arousal enhanced through the
perception of others might not be necessary for social facilitation.
Even so, participants in theO+Ocondition in the supplementary
experiment did not show enhanced arousal. Our study therefore
extends the framework of Zajonc’s drive theory in that the com-
bination of perception of others and arousal enhanced through
an extrinsic factor was found to induce social facilitation even
when the perception of others itself does not elevate the arousal
level.
We have to mention that we did not find significant differences
between the observed-with-exercise condition and observed or
greeting condition. We therefore cannot confidently conclude
from only the results of this study that the combination of the
perception of the presence of others and elevation of arousal
produces the strongest social facilitation. However, when we
divided participants into high and low groups based on their
ability in the task in the baseline phase, we found significant
differences between the observed-with-exercise condition and
all other conditions—which included the observed and greeting
conditions—in the group of participants who had poor skill in the
addition task. This means that, at least for participants who did
not perform the task efficiently in the baseline phase, the com-
bination of the perception of the presence of others and arousal
enhancement was required for producing social facilitation.
In the meantime, for the group of participants who had good
skill in the addition task, we did not find significant differences
between the observed-with-exercise and the other conditions.
This might simply be because there was little range in facilitating
task performance for these participants: they had already con-
ducted the task efficiently in the baseline phase. In other words,
the effect of the combination of the presence of others and arousal
enhancement might have appeared even in this group if their
task performance in baseline had not reached a ceiling. Exam-
ining this possibility with other kinds of tasks requires further
study.
It is worth pointing out that the number of calculated numerical
values is not attributable to the trade-off between the speed and
accuracy of the calculation. There were no significant differences
between any pair of conditions in terms of the number of errors in
the addition task, though there were significant differences among
the observed-with-exercise condition and all other conditions in
terms of the number of calculated values. This means that the
number of calculated values genuinely represents the occurrence
of social facilitation, as was described earlier. In addition, the
number of errors in the task mean that we did not see the social
inhibition that some previous studies have shown (Bond and
Titus, 1983). This may because the task was too simple for the
participants and well learned.
Social Facilitation as “Aftereffect of Social
Stimulus”
In addition, it is important that social facilitation occurred with-
out the presence of others during the cognitive task: in our
study, social facilitation was an aftereffect as a result of the per-
ception of others immediately before the task. Previous studies
have examined the effect of the presence of others on social
facilitation concurrently with having participants conducta task
(Guerin, 1993). In our study, we had no difficulty manipulating
the presence-of-others factor concurrently with the single-digit
addition task in the same manner as in previous studies; however,
we had difficulty manipulating the stepping exercise concurrently
with single-digit addition task. We therefore manipulated the
presence of others and the stepping exercise before the partic-
ipants had conducted the single-digit addition task to control
the effect of extraneous variables on task performance between
each condition. Namely, the results indicate that the effect of the
presence of others and of the enhancement of arousal on social
facilitation could last longer than expected from the results of
conventional research.
However, a remaining issue is whether the mechanism of
“social facilitation” as an aftereffect of social stimulus that we sug-
gested is actually the same as that in previous studies. In fact, we
were concerned about whether our manipulation method for the
presence of observers was appropriate because we did not find a
significant difference between the observed condition and control
condition in the main experiment. To untangle the concern, we
conducted the supplementary experiment, in which we added the
presence of an observer during the primary addition task. In the
results, we found that the increment of the performance in both
the O + O and OE + O conditions was higher than that in the
control condition. This means that the presence of an observer
during the task was enough on its own to produce facilitation of
task performance. Therefore, it is considered that our manipu-
lation of the presence of others was appropriate. In addition, we
did not find any significant differences in the increment of task
performance between the observed-with-exercise condition in
main experiment and the OE+O condition in the supplementary
experiment. Thismeans that the effect of combination of presence
of other and arousal enhancement as an aftereffect was at least
as strong as the effect of the presence of an observer during the
primary task, though there was also the possibility that the effect
of the presence of others during the task caused the simple ceiling
effect on the increment of task performance. Although the results
may not arise from the same mechanisms, the mechanisms are
at least similar in the point that they produce facilitation of task
performance. We cannot, however, directly resolve the issue from
the results of this study alone. Further research will be needed to
examine the mechanism of social facilitation as an aftereffect of
social stimulus.
Limitation of the Study
An issue in this study is sample size. As we described earlier, in
the main experiment, social facilitation did not occur as a result
of only the perception of the presence of others or only arousal
enhancement. We found, however, that the effect sizes between
the control condition and the observed, greeting, or exercise
condition were moderate (observed, d = 0.55; greeting, d = 0.68;
exercise, d = 0.55). This means that a sufficient increment of
sample size might show facilitation of performance with only
perception of the presence of others or only arousal enhancement.
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We should mention that we examined the relationships
between the perception of others and arousal, not those between
the perception of others and the postulated core concepts in
previous studies, such as motivation and drive. Some studies
have suggested that an increase in motivation of participants
in addition to that in arousal or drive elicits social facilitation
or social inhibition. For example, Carver and Scheier (1981)
demonstrated that the motivation for task performance due to
self-evaluation for appraisal from other individuals produces
social facilitation or inhibition. In addition, Blascovich et al.
(1999) showed that the motivational state of participants affects
arousal levels, such as cardiac response, to produce social facil-
itation. The purpose of our study was to examine the relation-
ships between arousal and social facilitation; therefore, we cannot
refer to the relationships between perception of others, arousal,
drive, and motivation. Further studies are needed in order to
clarify the relationships among the core concepts related to social
facilitation.
Finally, we should note that our sample includes Japanese
participants only. Although Zajonc’s drive theory itself does not
suppose cultural differences in social facilitation, there is the
possibility that the cultural background of participants affects the
amount of social facilitation. A great deal of research in the field
of cultural psychology have shown that the features of cognition
and social behavior differ between the people in the east and
west (for reviews, see Markus and Kitayama, 1991; Nisbett et al.,
2001). For example, one study showed that the effect of social cues,
such as gaze, on choice behavior was different between Japanese
and Americans (Kitayama et al., 2004). In addition, Karau and
Williams (1993) have indicated from their meta-analysis that the
amount of social loafing ismore salient inwesterners than eastern-
ers. In the future,more researchwill need to focus on such cultural
differences in social facilitation.
Conclusion
In summary, the present study suggests that social facilitation
could be partly explained by Zajonc’s theory. However, it was
unclear whether an increase of the arousal level due to only the
perception of others produces social facilitation. One possibility
is that social facilitation is generated by the mere combination
of the increase of the arousal level through non-social factors
and the perception of others, which itself does not increase the
arousal level. A misattribution of a causal association between
the increase of arousal level and social perception could be
a potential mechanism for inducing social facilitation. Further
examination of “what arousal is” and “what social perception is” is
needed.
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